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(54) 

(57) The present invention provides a spectroscopic 
method for analysing isotopes which makes it possible 
to simplify a system for measurement and to identify iso- 
topes with high accuracy and sensitivity and to carry out 
a quantitative analysis. The spectroscopic method for 
analysing isotopes by using a semiconductor laser ac- 
cording to the present invention comprises the steps of 



using a semiconductor laser beam having 2000 nm- 
wavelength band as a beam source of said wavelengths 
of said absorption spectra; and using a reference gas 
for identification of the isotopes, where the gas contains 
collating components having two wavelengths (W1 ,W2) 
of well-known absorption spectra in wavelength band 
close to the wavelengths (w1,w2) of the absorption 
spectra of the isotopes. 
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Description 

Background of the Invention 
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sorption spectra of sample gas on which the spectra ""^^ 9 of the body is carried out by giving 
[0002] In a medical field, diagnosing and grasping condjons of sorts or o g & for 

stable isotopes to the body and anarysing **°[>^^ 

b«» gm<M|r ■WW <*** " ses " " "STSHSl Wcl syncopic analvnor using an am 
„1 -acfac, cauood b, M diltarnnco between maeo ot W" ° convenience end lew coal 

[0005] But, thin wauelongm .1 1570 nm(1ff0 ^ d *™ B f °„ no* an acnnc«nt,a*9pr«ccn, 
(COJ 80 that a high sensPive analynis in hardly adnaved. Thus, a P'^"" te6 „ performed in order to 

Lg an .baorfoon, aheotbing CO, gan contentod . ^™ » JhToSSa oLolecuL .re oba.rfeec, and 
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[0008, Aspectroscopicmethodfo^ 

2000 1(1990 - 2060 nm) band has been ^^"^'^ are 
sit.es of isotopes «C/«C are greater than those of 157 ) «^^ n ^^ maa „^rMB Pn p^ 
accordingly greater by about two digits. And it 'V^^S^^S^^O nm-band zone in order to 
process concentrating isotopes which is required in * e «»*™^ 

Lease a sensitivity is not required. based on the aforemen- 

present invention aimed at using a sem,conduct 7. ,aSe ;^ SDec troscopic method for analysing isotopes 

^eS^ 

accuratefy distributing the semiconductor ^^^^^SSSTnQ to the present invention provides 
[0 007] in orderto achieve the above mentioned objec* . the ^'^ ^P^J^,™ Sentifying and quantitatively meas- 
a spectroscopic method for analysing isotopes contained n gas £ be J S improvement 

band close to said wavelengths of absorption '^^J^^iOon provides the spectroscopic method for 
[0008] Furthermore, the second aspect ^f^^^ said reference gas is 

spectra are H*»Br and Br inven tion provides the spectroscopic method for ana- 

X Mhnrmnre, tho lourfh onpoo, ending to tho pronen, tnvontlon pro.lOOO tho apactrnoccpid method to, 
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analysing isotopes as in any of the preceeding aspects, wherein said semiconductor laser beam source emits spectra 
having wavelength zone * °' 2000 nm^ band & ^ roscopjc method {or ana . 

Kso~^^^ 

are 12C0 2 and *CO; and said 1*C0 2 and 13CO have pairs of foltowmg wavelengths 
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fa wavelenqth of isotope 1 *C0 2 (nm)]: [a wavelength of isotope 1 *C0 2 (nm)] 


2054.37 


2053.96 


2044.65 


2044.49 


2035.34 


2035.63 


2010.18 


2010.29 


2002.51 


2002.54 


1995.99 


1996.10 



55 



wmmmmm 

at said wavelength band. 

Brief Description of the Drawings 

[0013] Figure 1 is a schematic diagram of system showing an embodiment of a spectroscopic anarysis apparatus 
KTgu^ 

Sr^ure 3 is an absorption spectra diagram showing a fluctuation of absorption spectra of isotopes of carbon 

Ee gas'contained in sample gas by using HBr as reference gas according to the present invention. 
Description of the Preferred Embodiments 

10017] A preferred embodiment of the present invention will be described hereinafter. 

SBSESllill 

lens 3 and thereafter, divided into two beams L s , L R in a Deam spinier «.t>u, r 
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a laser beam from being dispersed due to re-injection of reflected rays from the beam splitter 4 into an optical path U 
fs lreer^™o^e an isolator 5(a reflected rays remover)in the optical path which is posfoned after conde sa,on 
inmTc^ 

nto a sample cel. 6 where sample gas G containing isotopes to be measured is supplied and then, the transmitted 
into a sample cei. o wn h s received by a beam detector 7 and photoelectrical^ converted by a 

5 eTortcSnG^ 

fn the iki amplifier 8 only a second order differential signals are output by processing the signate from the beam 
detector 7 LndThe output signals thereof are introduced into the computer 9. A reference number 10 represents a 

disDlaver displaying data accumulated in the computer. 

,o S2] Moreover the computer 9 stores and accumulates the data for oscillating semiconductor laser beam appm- 
prSy at all times and transmits a control or an operation signal to the laser driver 2 accord.n g to an appropriate 
operational condition and makes the semiconductor laser beam source 1 emit a beam properly at all time. 
?S Ateo a beam L R of another side divided from the beam splitter 4 is transmitted into a reference cel. 16 to 
Srefe ence gas G containing mixture components having well-known wavelengths o absorption spec ra. An the 
Snimitd beam coming through the reference cell 16 is received in a beam detector 17 and photoelectncally con- 
verted Z a senTor such as anTnGaAs photo diode or the like, and the output signals thereof are mtroduced mto a 

order differential siqnals, and the signals are introduced into the computer 9. ola ^ 
r00241 Mo^ver 9 the magnitude of the second order differential signals derived from the lock-m amplrfier 8 18 de- 
pendt on absoTan e of a laser beam by the sample gas G or the reference gas R and the greater »ncen^a »n 8 0 J 

ZS TZsL manner, at the same time, the spectra of the transmitted beam coming througf , the sample 
cell 16 to which the reference gas having well-known wavelengths of absorption spectra .s introduced are de ected 
bv the bel detector 17 and photoelectrical* converted. The output thereof is processed ,n the lock-in amp.,f er 18 
an on y second o^der differentia, signals are selectively output, and the signals are introduced into the computer . 
?00271 And in the computer 9: the absorption spectra of the transmitted beam L st com.ng through the sample cell 6 
Sen fh sample gas G is introduced, are collated and compared with the well-known absorption spectra of the 
Emitted be^ coming through the cel. 16 to which the reference gas R having well-known absorp ion spectra is 
Zduc2 ^aTthe^3es to be measured contained in the sample gas G are identified by the wavelengths shown 

TX?££ZS£^rt * *• same « me c ° mpared with the va,ues of the ma9ni : u k deof t the ™ n Tz 

aLo^ 

m"^!^ reference number 11 representasamp.egas introducingsystem which is connectiyelyarranged 
otne sarnie ceT L which system consists of an air pump exhausting inside of the cell 6 and a <-^g»m 
£nt IZZo, reference number 12 represents a reference gas introducing i ^^»^2^S. 
to the reference cell 1 6 and which system consists of an air pump exhausting ins.de of the cell 1 6 and a reference gas 

rooSrAndme present invention is characterized by using the gas, as the reference gas R having well- known 

abso^ 
or the like: 

□ The gas is the one where there exist absorption spectra thereof at adjacent wavelength intervals of several na- 

O ThTga's is the one where absorption intensities of absorption spectra of isotopes where there exist spectra adja- 
cently are almost same ones. 
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r00301 A concrete example of the gas is hydrogen bromide as shown in figure 2, an absorption spectra diagram 
So *^«*^ spectra having a 2000 nm-band wavelength^ and 

there exist two strong wavelengths of absorption spectra at 0.3 nm interval ,n the wavelength band of 1930-21 00 nm 
as IL Zln^s of absorption spectra of isotopes H 79 Br/H 81 Br and absorption intends are almost same, so that 
it can be preferably used as the reference gas R according to the present invention. . 
0031] Leoverasthereferencegas 
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an rcoCreShe absorption spectra of the previous* stored reference gas R, whereby to obtain the anafyzed 

mS Hereinafter a method for identifying isotopes and for analysing and measuring concentrations of isotopes 
^SSJSSS^Stm using the ^mentioned spectroscopic analysis apparatus in the computer 9 w... be 
described. The sequence of an operation is as follows: 

sorption spectra of the reference gas R is obtained by the same laser d.ode(LD). 

(2) The position relation between the wavelengths of the absorption spectra of the isotopes of the sample gas G 
SSSL b S2S» absorption spectra and the isotopes is specified by varying the content of isotope 

G is obtained by the same laser diode(LD). 
30 ' (3) the wavelengths of the absorption spectra of the isotopes of the sample gas G are computed anc ' ^ided 

speSaoS^ 

XoMnm\ of the soectra bv the same laser diode(LD), the rate of change [Z] (nm/mA) of the wavelengths iwi , w*j 
3 oUhe SS£5!£ o, well-known isotopes to the driving currents [Y1 , Y2) (mA) of the sem,conductor 
35 laser is obtained by the following equation: 
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Z=(W2-W1 )/(Y2-Y1 ) 



(1) 



□ Subsequently by using the driving current values |y1 ( y2](mA) of the laser diode(LD) emitting the waye- 
lenoS TTZ TlSo^pLa, the rotation between the wavelengths [W1 , W2] of the well-known absorpt on 
LoSra o the £££ gas R and the driving currents [y1 , y2](mA) thereof and the rate of change [Z] thereof , he 

and decided by the following equation: 



w2 = (y2-Y2)xZ + W2 



(2) 
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W 1 =(y1 -Y1)xZ + W1 < 3 > 

are varied due to the temperature fluctuation of the semiconductor laser beam 
sourc cor Section oTa temperature needs to be performed in the above equation. But when a temperature is 

Z^^^ to -mpute and decide the wavelengths of the isotopes in the above equat.on withm an 
error range of 0.5 nm and less without a correction of a temperature. 
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(4) The abundance ratios and concentrations of isotopes of the sample gas G are computed. 

f00351 Thus the wavelengths of the absorption spectra of the isotopes of the sample gas G are precisely identified 
And the SuW^Sob of the isotopes are obtained by outputting the absortoance rat.cs through measunng the 

Sordance with the absorption spectra of the identified isotopes. Futhermore, 
the sXes c ntained in the samp.e gas G are precise.y output by the application f"*"^ 0 **"* * * - 
sotopes in accordance with intensities of the absorption spectra and the spectra of the »^f»- ncufve 
mS I Moreover practicalty.it becomes very easy to measure concentrations when a scale-marked calibration curve 
ml by rasunng ? e ion between Concentrations of isotopes to be measured and absorption intensities of 
wav^nqths of absorption spectra with a well-known concentration and the curve is stored ,n the compute ^9 
™Sl No« ^hTeXdiment according to the present invention is described. In the embod.ment hereinafter a d s- 
ESd feedback laTerSFB laser) having 2000 nm-wave.ength band(1990 - 2060nm) is used as the semiconductor 
laser source 1 and the wavelengths thereof are varied at 0.02 nrn/mA. 

[0038] Since a width of an emitted beam of the laser is narrowed and sharpened up to ^^f^^ 
using the DFB laser, which width is about 1/50 of the width of absorbed beam of isotopes ^CO^C^ f ° r exam P le - 
it is possible to analyze precisely absorption spectra of isotopes. 

[the first embodiment of the present invention] 

[0039] isotopes ^CO^CO;- contained in carbon, dioxide gas as the sample gas were identified by the method 

STDThtroXT^ were measured by using Hydrogen bromide(HBr) as the reference gas a 
E As shown in figure 2 hydrogen bromide where there exist two simple absorption spectra at several nm inter- 

m SonheS 

o m ^wave en w^W2) of the absorption spectra of the isotopes H 79 Br/H 81 Br of a wen-known hydrogen brom.de. 
were measure? by maintaining the temperature of the laser at 25Q these are shown in chart 1 . 



rthartin 




LD 


wavelenghts 


driving current 


wavelengths 


driving current 


the rate of change 


No 


of H 81 Br 


for oscillation 


of H 79 Br 


for oscillation 


Z=(W2-W1)/(Y2-Y1) 


[ 


W2](nm) 


[Y2](mA) 


[W1](nm) 




'1](mA) j 


LD1 
LD2 
LD3 
LD4 
LD5 
LD6 


2054.31 
2044.68 
2035.49 
2010.55 
2003.09 
1996.04 


65.5 
73.2 
61.0 
57.6 
68.4 
76.1 


2054:02 
2044.27 
2035.23 
2010.26 
2002.80 
1995.75 


51.8 
50.1 
48.3 
43.5 
53.9 
60.8 


0.0211 

0.0177 

0.0205 

0.0206 

0.0200 

0.0190 



roo«l □ Subsequently the absorption spectra of the isotopes ^CO^CO, of the sample gas were obta.ned and 

and the iSOt ° peS 12C( V 13C °* WaS j dent,f ' ed rnncentration 
SSS T S, the absorption spectra of the nitrogen gas containing 10% of carbon dioxide ^^^^T 
[at!o(99-1 ) of the isotopes 12 C 0>C0 2 were obtained. As a result, a spectra line graph hav.ng three absorption peaks 

K, 3 » * rearing ». ^»sp^. «n= grap* .1 X, Y fig,.. 3, ..oh P..K w« s h« in t» 
STpJS^. same L. .f driving eunws) in ««*«» with .... "S^t ^ 

absorption spectra of the isotope «C0 2 and the peaks b-p, c-q were the absorption spectra of the .sotope 1*C0 2 was 
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i5^ri d uTSng to the isotopes of carbon dioxide gas, when identifying and deciding what kinds of isotopes 
are toL TCosSe ?n the same manner to decide by obtaining an respects absorption spectra .,ne graph through 
varvina concentration ratios of isotopes and by examining the change thereof. 

mm oTubsequentiy, the absorption spectra of the isotopes i W 3 ^ of the sample gas were obtained and 
the dLg current values y1 , y2) of the laser diode(LD) emitting the wavelengths of the absorption spectra were meas- 
ured Moreover, the fact that the wavelengths oscillating with the driving current value y2 were those of the 
isotope "C0 2 was identified by the work specifying the correspondence with the isotopes of absorption wavelengths 
of the D this is shown in chart 2. 
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Cfchart 2D 




LD 


driving current 


wavelengths 


driving current 


wavelengths 


No 


for oscillation 


of 12 C0 2 


for oscillation 


of 13 C0 2 




[y2](mA) 


(w2](nm) 


[y1](mA) 


[w1](nm) 


LD1 


68.3 


2054.37 


49.0 


2053.96 


LD2 


71.5 


2044.65 


62.5 


2044.49 


LD3 


53.7 


2035.34 


67.8 


2035.63 


LD4 


36.9 


2010.18 


45.0 


2010.29 


LD5 


39.4 


2002.51 


40.9 


2002.54 


LD6 


73.5 


1995.99 


| 79.3 


1996.10 



t 0048] □ the wavelengths of the absorption spectra of the isotopes ^0^00 2 of the sample gas. which were 

dded by ISpSthe foldings to the equation (2).(3): the LD driving current values(y. y2) o -ve'engths f e 
absoJonspectraofthe isotopes of ^^^^^^"^^^^^^^ 

current values(Y1 Y2) of the semiconductor laser diode(LD) used in the present embodiment, wh.ch corresponded to 
h S s W1, W2) of the absorption spectra of the isotopes H 79 Br/H 81 Br of a well-known hyjrogen £»m* 
as the reference gas R, which values were obtained from the item Dand the rate of change Z [Z = (W2-W1)/(Y2-Y1)] 

nam ' Fiqure 4 is a spectra diagram of absorption spectra of isotopes 12 C 0^3 C 0 2 contained in carbon dioxide gas 
Ls the samp g^ G which were measured by using hydrogen bromide as reference gas R and usrng the apparatus 
shown!nTgure f , which apparatus used the laser beam emitted from the laser diode LD1 . The wavelengths^) 
otheabsSion spectra o^ 

?00511 When the laser diode LD1 was used, the wavelength [w2] of the absorpuon spectra of the ,sotope «CO^ can 

beobtainedbytheequation(2),w2=(y^ 

to the equation (2), the result became as follows: 

W2 = (68.3 - 65.5 ) X 0.021 1 + 2054.31 
= 2.8 x 0.021 1 + 2054.31 = 2054.37 (nm) 

F00521 Also the wavelength [w1] of the absorption spectra of the isotope 12C0 2 can be obtained by the equation (3) 
w Z W -Y ? | x Z rwT Therefore, when the values of chart 1 , chart 2 were substituted to the equat.on (3), the result 
became as follows: 



50 



55 



W 1 = ( 49.0 - 51 .8 ) X 0.021 1 + 2054.02 
= -2.8 X 0.021 1 + 2054.02 = -0.0591 + 2054.02 
= 2053.96 (nm) 



the Wavelengths of the absorption spectra of the isotopes were decided in the same manner by using the driving 
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current values of the absorption wavelengths of the isotopes of the samp,e gas shown in figure 2 in accordance with 

££T Mo^Uhe absolute values of concentrations associated with the absorption intensity of the > absorption 
Sa can be obtained by inserting absorption coefficients in the relevant wavelengths of the isotopes ^O^CO* 

L oniw to remove effects of the impurities but also to analyse that impunties in the same manner. 

m eas v t0 measure «— ations when a - ale - arked ca,ibration < un/e 7 ma t d h e 

TmlSSl 

of «h^mtion soectra with a well-known concentration and the curve is stored in the computer 9. 
Is* The HmenSoned embodiment was disclosed with carbon dioxide gas as example isotopes of a sample 
oTLIh preset invention is not limited to this and it is needless to say that the present invention is effective* 
£l^77E£ especially where there exist absorption spectra having 2000 nm-wave.ength band. And in 
^o^ JtMhe present invention, it is possible to analyse isotopes with high accuracy and a sensitivity. 
S a :^Sc be carL out as the above mentioned embodiment and has effects described 

raoBoT^As the present invention uses a reference gas such as hydrogen bromide where the wavelengths of the 

Se gL Esp^y when positions of wavelengths of absorption spectra of impurfties are already Known, it ,s also 

EST sTc^ewave.ength band of the semiconductor laser beam used in J 

200 l and abTorption of impurities is relatively smaller than a conventional laser beam having ^« . 
possible to obtain favorable absorption spectra which have few effects according to absorption due , to existence > of 
SSS ping of absorption spectra etc). The present invention has prominent and unique effects aforemen- 



tioned. 
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Claims 
1 



A spectroscopic method for analysing isotopes contained in gas to be measured by identifying and quantitatively 
meaSng Topes by using wavelengths of absorption spectra absorbed in existence of said isotopes, the im- 
provement is characterized in that the method comprises the steps of 

using a semiconductor laser beam as a beam source for said wavelengths of said absorption spectra, and 
using a reference gas for identification of said isotopes, wherein said reference gas contains collating ^on> 
Soneni having two wavelengths of well-known absorption spectra in wavelength band close to said wave- 
lengths of absorption spectra of said isotopes. 

2. The spectroscopic method for analysing isotopes according to claim 1 , wherein 

said collating components contained in said reference gas is hydrogen bromide; and 

said collating components of said two wavelengths of said well-known reference absorption spectra are H»Br 

and H 81 Br. 

3 The spectroscopic method for analysing isotopes according to claim 1 or 2, wherein 
said isotopes to be measured are isotopes of carbon dioxide gas. 

4. The spectroscopic method for analysing isotopes according to claim 1 , wherein 
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said semiconductor laser beam source emits a beam of spectra having wavelength zone of 2000 nm band. 

5 The spectroscopic method for analysing isotopes according to claim 2, wherein f _. . . 

said semiconductor laser beam source emits a beam of spectra hav,ng wavelength zone of 2000 nm band. 

6. The spectroscopic method for analysing isotopes according to claim 3, wherein ( , n(y , nm . . 

said semiconductor laser beam source emits a beam of spectra having wavelength zone of 2000 nm band. 

7. The spectroscopic method for analysing isotopes according to claim 3, wherein 

said isotopes of carbon dioxide gas as sample gas are 12 C0 2 and 13 CO; and 
said 12 C0 2 and 13 CO have pairs of following wavelengths 



fa wavelenqth of isotope 12 C0 2 (nm)]:[a wavelength of isotope *CO z (nm)] 


2054.37 


2053.96 


2044.65 


2044.49 


2035.34 


2035.63 


2010.18 


2010.29 


2002.51 


2002.54 


1995.99 


1996.10 



and a abundance ratio is measured by an absorbance in accordance with said a respective pair of wavelengths. 
6. The spectroscopic method for analysing isotopes according to claim 4, wherein 

said isotopes of carbon dioxide gas as sample gas are 12 C0 2 and 13 CO; and 
said 12 C0 2 and 13 CO have pairs of following wavelengths 



[a wavelength of isotope 12 C0 2 (nm)]:[ 


a wavelength of Isotope 13 C0 2 (nm)] 


2054.37 


2053.96 


2044.65 


2044.49 


2035.34 


2035.63 


2010.18 


2010.29 


2002.51 


2002.54 


1995.99 


1996.10 



and a abundance ratio ismeasuredby an absorbancein accordance with said a respective pair of wavelengths. 
9. The spectroscopic method for analysing isotopes according to claim 5, wherein 

said isotopes of carbon dioxide gas as sample gas are 12 C0 2 and 13 CO; and 
said 12 C0 2 and 13 CO have pairs of following wavelengths 



[a wavelength of isotope 12C0 2 (nm)]:[a wavelength of isotope ^C0 2 (nm)] 


2054.37 


2053.96 


2044.65 


2044.49 


2035.34 


2035.63 


2010.18 


2010.29 


2002.51 


2002.54 


1995.99 


1996.10 



and a abundance ratio is measured by an absorbancein accordance with said a respects pair of wavelengths. 
10. The spectroscopic method for analysing isotopes according to claim 6, wherein 



9 



EP1 111 370 A1 

said isotopes of carbon dioxide gas as sample gas are 12 C0 2 and 13 CO; and 
said 12 C0 2 and 13 CO have pairs of following wavelengths 



[a wavelength of isotope 12 C0 2 (nm)]: 


a wavelength of isotope 13 C0 2 (nm)] 


2054.37 


2053.96 


2044.65 


2044.49 


2035.34 


2035.63 


2010.18 


2010.29 


2002.51 


2002.54 


1995.99 


1996.10 



and a abundance ratio is measured by an absorbance in accordance with said a respective pair of wavelengths. 

11. The spectroscopic method for analysing isotopes by using a semiconductor, which comprises the steps of 

identifying said isotopes by using absorption spectra of hydrogen bromide as reference gas having well-known 
collating components, said absorption spectra having wavelength band according to claim 4; and 
identifying existence of impurities generating absorption spectra at said wavelength band. 
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FIG. 2 
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